Including negative mode nunbers in the analysis of bunched beam oscillations results in a quadratic equation for the coherent frequency shift. This leads to canplex solutions above a threshold, and hence to instability. Bunch lengthening occurs in order to reestablish equilibrium.
Introduction
In most high energy particle accelerators or storage rings one observes an increase of the bunch length with increasing current. Eor low currents, this bunch lengthening can be explained by the deformation of the potential well due to space charge in an essentially inductive environment. However, above a certain threshold, the rate of bunch lengthening increases and is accompanied by an increase of the bunch width (energy spread) which cannot be caused by a conservative potential. This behaviour has been explained tentatively by the onset of longitudinal oscillations at very high frequencies, which are often called "microwave instability". When the bunches oscillate in many modes and their signals become fluctuating, the phenomenon is called "turbulence" in analogy to the flow of fluids.
In spite of this qualitative understanding [1, 2] and an appreciable number of attempts to explain this behaviour quantitatively [3] [4] [5] The impedance required to drive this mechanism is at much lower frequencies, and in particular could be the fundamental RF cavity resonance which explains its presence in all bunched beam machines. The very large frequency shifts predicted by this model may be unobservable because of Landau damping by the frequency spread in the bunches.
Coherent bunch oscillations
The signal induced at position e by a particle with charge e circulating in a storage ring with revolution frequency w is given by a superposition of delta functions
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where T is the time delay of the particle with reference to the synchronous one. In the absence of perturbation, it is given by the synchrotron motion These exist in every storage ring or accelerator, and no unphysical impedances are thus required to provide coupling.
